Further investigation reveals that willingness to pay for parks and public gardens increases with income, although not as fast as that for private residential space.
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Introduction
It is generally recognized that market failures and external effects abound in urban economics (see, for instance, Anas, Arnott and Small, 1998) , but it is often not completely clear how effective various possible measures are in improving resource allocation. A specific example is the evaluation of spatial planning policy, which is an almost universally an important part of urban policy. Although economists have paid attention to various aspects of spatial planning (see, for instance, Fischel (1985) on zoning) much remains to be learned.
This paper focuses on one aspect of spatial planning within cities: the provision of open space in the form of parks and public gardens. These are generally considered to be important amenities and many studies have confirmed their significance for the well being of urban residents, usually on the basis of hedonic price studies. A glance at the literature suggests that most studies stop after having established that statistically significant benefits are present.
However, for a complete cost-benefit analysis we also need to assess the costs of these amenities. In this paper we make an attempt to introduce the cost side into the analysis by deriving a cost-benefit rule that can be made operational by means of hedonic analysis. We apply this result to the provision of open space in three large cities of the Netherlands.
In the densely populated Netherlands, spatial planning imposes tight restrictions on land use throughout the country, but especially on the western part, which is the economic centre.
Probably the best known feature of Dutch physical planning is the prolonged attempt to preserve the polder landscape in the so-called Green Heart of the country's economic core region, the Randstad. As a consequence, the cities in that part of the country are more compact than they would otherwise probably have been. Restrictive spatial planning tends to increase the price for available residential land and this suppresses demand for space. Moreover, lot sizes are determined by local governments who experience severe limitations in designing land for new residential construction. This puts pressure on plans to devote substantial amounts of land to parks and public gardens and may also cause available lot sizes to be even smaller than demand at the prevailing land prices would suggest. It is a priori unclear what this situation implies for the valuation of open space within cities. The pressure on the supply of private land may increase the willingness to pay for this commodity relative to open space. It is, however, also conceivable that parks and public gardens function , to some extent, as a substitute for the consumption of private land, which would suggest that the willingness to pay for this amenity increases as a consequence of the overall scarcity of residential land.
Recently, there has been some debate in the Netherlands about the appropriateness of the currently provided amounts of open space in urban areas. A recent white paper, the 'Nota Ruimte' (VROM, 2006) states that at least 75 m 2 of green space should be available within 500 meter of each dwelling. This number is motivated by the importance of green space for recreational purposes 1 . In reality, usually less green space is available in the urban areas of the Netherlands. Of the 30 largest cities in the Netherlands, Dordrecht appears to be the only one in the Randstad that satisfies the target of the white paper (Bezemer and Visschedijk, 2003) . Even though it is unclear on which evidence the normative figures in the Nota Ruimte have been based, it has been argued in reaction to the white paper that a 500 m distance is hard to overcome by many elderly people and children, and that 300 m would be more appropriate (Raad voor het Landelijk Gebied, 2005) . In the absence of a cost-benefit analysis of the provision of open space within cities, the significance of such statements is, of course, hard to judge.
Questions concerning the appropriateness of the provision of open space are not specific to the Dutch context. They arise in every city. There exists an international literature on the value of open space, which has recently been reviewed in McConnell and Walls (2005) . This paper concentrates on the provision of open space within cities. Even though we recognize (as will be clear from the previous paragraphs) that this may have a relationship with the preservation of open space surrounding cities, open space within cities will be dealt here as an important subject in its own right.
Our analysis of open space within cities is relatively close to that presented in Cheshire and Sheppard's (2002) as an element of their welfare economic analysis of the broader concept of land use planning. We follow them in their adoption of the monocentric model as a useful framework for the analysis and in their use of the hedonic price function as the main tool for making the theory operational.
This paper is organized as follows. In the next section, we provide a theoretical analysis of the provision of open space as a neighbourhood-specific public good in the context of the monocentric model. Section 3 presents our estimates of a hedonic price function for the three largest Dutch cities. Section 4 is devoted to a further analysis of the demand for open space and residential land. Section 5 concludes.
A framework for cost-benefit analysis
In this section, we develop a model for a monocentric city in which a benevolent planner provides open space by means of spatial planning policy. The model is outlined in 2.1 and the policy evaluation question is considered in 2.2. Section 2.3 discusses the suggested cost-benefit rule and its operationalization and applicability in real world circumstances.
The model
We consider the demand for open space in a monocentric city, which is the workhorse of urban economic analysis (see, for instance, Fujita, 1989 , for an exposition of the model). The utility function of the household is:
(2.1) and the budget restriction:
with y denoting household income, p i the price of land in neighbourhood i, t the commuting cost per unit t of distance, and x i the distance between neighbourhood i and the city centre. We have normalized the price of the composite good to 1. Households maximize their utility by choosing a neighbourhood i and thereby determining their optimal consumption of housing and the composite good. The price for land in the neighbourhoods adjusts in such a way that in every neighbourhood the same level of utility is reached.
It is well known that the equilibrium rent level in the city can be described by a bid rent function. A bid rent function gives the maximum amount of money a household is willing to pay for one unit of land when it has to reach utility level u* and income, unit commuting cost and the available amount of open space are given. Formally, the bid rent function ψ is defined for each neighbourhood i as: 
This equation states that the value of the bid rent function equals the household's marginal willingness to pay for land. In a market equilibrium all households have the same gross income and reach the same utility level and are therefore on the same bid rent curve. The value of this bid rent curve is then equal to the price of land i p .
Optimal provision of open space
The amount of land available for residential purposes (R i ) and parks or public gardens (S i ) in neighbourhood i is L i . For simplicity we take this amount to be equal in all neighbourhoods.
(At the end of the next section we will relax this assumption.)
To study the optimal provision of open space in the city, we introduce a planner who maximizes the value of the social surplus generated by the city. This surplus is defined as the difference between the total amount of income earned in the city and the costs that have to be made to enable its inhabitants to reach a given utility level u*.
The social planner chooses h i , R i and S i such that the value of the social surplus of each neighbourhood i (SS i ) is maximized, while taking into account the constraint:
The social surplus SS of the city is the sum of the social surpluses of all neighbourhoods: 
In these equations i µ is the Lagrange multiplier associated with constraint (2.5). We can easily remove it by combining the last two conditions as: We assume that a neighbourhood will be developed whenever it contributes to the total surplus of the city, that is, whenever the value of the land in residential use (the provision of the appropriate amount of open space included) exceeds its value in agricultural use. This is similar to the way the boundary of the city is determined in monocentric models where no neighbourhoods are distinguished.
A cost-benefit rule
The derivations of the previous subsection suggest a relatively straightforward cost-benefit rule for the provision of open space. Open space should be provided until the sum of the marginal willingness to pay of all the inhabitants of a neighbourhood is equal to the market value of residential land in the neighbourhood:
It should, of course, immediately be noted that neither the willingness to pay for open space nor the market value of residential land is directly observable. Open space is a public good for which no market price exists and urban residential land is in practice almost always traded jointly with the houses constructed on it. Fortunately, both problems can be solved by the hedonic method.
To see this, observe that in a market equilibrium every household must reach the equilibrium utility level u*. This requires that a hedonic price function ( )
emerges that facilitates such an equilibrium. The budget restriction of a household can then be written as
, and we can substitute it in the utility function to write the condition for a market equilibrium as:
(2.12)
Even though this hedonic price function is only defined in our model for a finite number of neighbourhoods, we may reasonably conjecture that a smooth function exists that takes on the same values as the actual hedonic function for all neighbourhoods and is also defined for other possible combinations of h, S, and x. Since small changes in h, S and x should not change utility, this more general smooth hedonic price function must have:
It follows immediately from (2.13) that the partial derivative of the hedonic price function with respect to h is the marginal willingness to pay for residential land, and from (2.14) that the partial derivative of the hedonic price function with respect to S is the marginal willingness to pay for open space. Equation (2.15) shows the familiar property that the house price should contain a compensation for commuting cost. 3 In a market equilibrium, the price for land ( ) x P that we used above, should be interpreted as the partial derivative of the hedonic price function,
The version of the cost-benefit rule (2.11) that will be used in our empirical work is therefore: 
Existing literature
The value of open space has been studied intensively over the past decades. For instance, an early study by Brown and Pollakowski (1977) The fundamental observation underlying the hedonic method is that the value of open space is revealed in the prices of houses in its vicinity, as shown in equation (2.14) above. If people attach value to the proximity of open space, they also attach a higher value to a house that provides this amenity. They are therefore willing to bid more for such a house. Rosen's (1974) original analysis concerned a market with perfect competition, but the suggested methodology for investigating consumer demand is equally applicable under alternative market conditions (see e.g. Bajari and Benkard, 2005) .
Since a recent survey of the international literature on the valuation of open space is available (McConnell and Walls, 2005) , we will only briefly discuss a few studies for the Netherlands, to which our empirical work refers. Luttik (2000) studied a limited number of relatively small areas and found that a view on open space increases the value of a house with 6 to 12 percent. However, she reported that it was much more difficult to demonstrate any effect of a park or a recreational area bordering the residential area. For only two of the eight areas she examined significant coefficients for these variables were found. Visser and van Dam (2005) analyzed the housing market in the Netherlands as a whole and focused on the contribution of environmental and neighbourhood characteristics to house price differences. These authors report positive and significant effects of the presence of a park within 50 meters, and of the percentage of land considered as parks in the neighbourhood. These Dutch studies therefore suggest that effects of open space on house prices operate especially on a small spatial scale, which confirms findings of the international literature. For instance, Orford (1999) reports that a distance of a few blocks decreases the effect of living close to a major park in Cardiff (Wales) on the property values by 50 percent. This suggests that the effect of open space on house values may become negligible for distances well below the 500 m used in the Dutch white paper mentioned in the introduction.
The Dutch context
Traditionally, the Netherlands has a large share of public housing. Especially in the large cities the share of the rental sector is substantial. Rents are controlled, and their values are determined by a system of points that takes little account of neighbourhood amenities. For this reason it makes no sense to carry out a hedonic price analysis on rental housing. Hence, we focus on the owner-occupied sector. Currently the large Dutch cities, where the rental sector is overrepresented, are putting much emphasis on their attractiveness for higher income households which tended to move to suburban regions. They do so by constructing more luxury housing, and also by paying more attention to urban amenities, open space being an important example.
The majority of the transactions on the housing market concern existing houses and here it is evident that floor area and most of the housing characteristics have to be taken as given by a buyer, as well as the presence of parks and gardens. Our data refer to Amsterdam, The Hague and Rotterdam. Since the housing stock and the provision of open space in these three cities differ for historical reasons we expect the hedonic price functions for these cities to be different.
For instance, the 17 th century inner city of Rotterdam was destroyed in the Second World War, whereas many elements of the inner city of Amsterdam still date from that period. Moreover, Amsterdam and Rotterdam experienced very fast growth in the 19 th century due to rapid industrialization, whereas the growth of The Hague was more gradual and related to its status as the residence of the national government.
As we noted in the previous section, the constraints resulting from such differences in the historical development of the housing stock do not prevent the emergence of a market equilibrium in which marginal prices correctly reveal the marginal willingness to pay for these characteristics and amenities.
Data
The data we use are provided by the Dutch Association of Real Estate Agents (NVM) and concern housing transactions in the year 2000. 
Specification and estimation of a hedonic function
We use three types of explanatory variables: structural variables, amenities and other locational variables. The structural variables include the quantitative variables volume and floor area.
Categorical variables indicate the age of the house, the presence of a gas heater (revealing the absence of central heating), a garage, a garden, the number of rooms, the type of house (of which apartment is taken as reference), the maintenance quality of the house (bad maintenance is taken as reference), and the status of a house as a monument.
The second set of explanatory variables concerns the location of the house. We included the distance of the house to the city centre (the location of the central station was taken as the centre), the ethnical composition and the population density of the area in which the house is located. 6 We have also included neighbourhood dummies. The importance of taking into account these effects in studying the value of open space has recently been stressed by Anderson and West (2006) .
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Because we know the exact location of the house we were able to obtain information about the amount of amenity variables in the vicinity of the house. Of each grid of 100 by 100 meter in which the house is located, the percentage of land taken by this amenity was computed. That is, for each grid we calculated the percentage of parks and public gardens, agricultural land, industrial area, services area, and amount of water. In our baseline specification we took the average of these percentages over the grids within a distance of 500 meter from the house as the 6 Note that the variables ethnical composition and population density are included on a much smaller scale than the neighbourhood dummies. 7 The neighbourhood dummies control for a number of effects that may be hard to observe and/or difficult to measure in other ways. For instance, they should be expected to control for differences in accessibility that are related to the interurban road network.
explanatory variables. Other specifications, to be discussed below, measured this amenity at a different spatial level.
In the course of the year 2000, Dutch house prices increased considerably. Since our database informs us about the transaction data, we were able to control for changes in the price level by including monthly dummies.
In comparison with other studies our data base is rich. First of all we are able to estimate separate equations for three different cities. Second, we are able to control for unobserved differences in urban areas by neighbourhood dummies. Finally, the locational variables and amenities could be determined for each house separately or at a very detailed spatial level.
We use a spatial error model to deal with spatial autocorrelation 8 . To be able to do so, the distances between all houses in our data base were computed. For distances smaller than 1 kilometre we used the inverse of the distance (expressed in meters) as the relevant weight and we scaled the weighting matrix. Estimation proceeded by the GMM approach of Kelejian and Prucha (1999) . We also estimated a spatial lag model. We removed all observations that referred to a house containing less than 100 m 3 and we excluded 0.5 percent of the remaining observations of the highest and lowest values of the transaction price and floor area of each city. One observation that concerned a house that was located more than 1 km of all other houses in our data was also excluded.
Our baseline specification has the logarithm of the transaction price as the dependent variable. Structural attributes appear with expected sign and are in general statistically significant in the three equations. Capacity and floor area have a particularly strong effect on the house price.
Well-maintained houses -a qualification that is provided by the realtors -sell at significantly higher prices.
The three locational characteristics reported in Table 3 .1 all have the expected sign and are statistically significant. Note that we also controlled for neighbourhood characteristics by introducing a series of dummies, although their estimated coefficients are not reported. Note: The equations also contained controls for year of construction (before 1905, 1906-30, 1931-44, 1945-59, 1960-70, 1971-1980, 1981-1990) The presence of industries in the vicinity of a house decreases its value, the presence of shops and social or cultural activities increases its value. Results for the other two amenities are less clear, however.
We experimented with several alternative specifications. Using the inverse of the squared distance in the spatial weight matrix did not change the results. We have estimated the equations with the percentages open space and other amenities within 100 m, 300 m, 500 m and 1000 m circle around the house as explanatory variables. 12 The estimated coefficients for the percentage parks and public gardens are reported in Table 3 .2. The figures in Table 3 .2 show that the estimated coefficients for parks and public gardens increase when we take a larger area around the house to compute them. (Except for (1), Amsterdam, and (1a), Amsterdam outside the Vondelpark area, although these variables are insignificant.) At first sight these results might appear to contradict our conjecture -based on the earlier literature -of a strong distance decay effect. However, it should be realized that a The value attached to a square meter of parks or public gardens decreases considerably when we increase the ray of the circle within we measure this amenity. This is confirmed by the figures presented in Table 3 .3. Table 3 .3). Table A .2 in the appendix).
The implied price per hectare, which is the conventional unit for land transactions in the Netherlands, is high. According to Segeren (2007) By dividing the willingness to pay for private space by that for public space, we find the number of households per neighbourhood that is required to establish the equality in (2.16). The results of this computation are presented in column 3 and should be compared with the actual (average) number of households per hectare in the three cities, which is given in column (4). Although the marginal benefits of open space derived by an individual household decreases when we enlarge the circle (see Table 3 .3), the total welfare effect is positive because the number of households increases.
14 The northern part of North Holland is mainly agricultural. Amsterdam is located in the southern part, which also includes towns like Haarlem, Hilversum and Hoofddorp (close to Amsterdam Schiphol airport) where house prices are also high. 15 Because the coefficients of parks and public garden differ with respect to the specification of the range at which the amenity is calculated (Table 3. We conclude with some caveats. An obvious and potentially important one is that our approach is only able to measure the value of open space that is reflected in house prices. This means that we can -at best -only measure the value that residents of the area attach to this amenity. The value that non-residents attach to the amenity may be as relevant, especially in areas that attract large numbers of tourists or where employees working close by go out for lunch. A second issue is that we could not take into account the deterioration of the quality of parks and public gardens that may be caused by the continual presence of people -for instance homeless people -who (correctly or not) give the impression to other visitors that the area is unsafe, not suitable for playing children, et cetera. These problems seem to be present in all large urban areas and can result in substantial changes in the value attached to public urban space (in extreme cases this value may even become negative).
Demand for private and public space
To get more insight into the factors that drive our results, we would like to know how the demand for parks and public gardens relates to income and whether private and public space are substitutes. Parks can perhaps be considered as the poor man's alternative for a private garden, and if true, this would suggest that demand for this amenity would decrease with higher incomes. On the other hand it may be argued that especially rich urban households, who live in apartments close to the city centre, will appreciate the presence of parks and public gardens and that this amenity is important for attracting such households to urban residential areas. The question whether and to what extent open space can be a substitute for private space is of obvious importance for both rich and poor households and has (at least potentially) implications for the design of cities. Rosen's (1974) path breaking analysis of implicit markets proposed a two stage procedure that would provide answers to questions like these. The basic idea is that the combinations of the observed housing characteristic or amenity and its estimated marginal price can be interpreted as points on the demand curve for this characteristic of the households concerned. To find these demand curves, he suggested a second stage in the analysis. In this second stage of Rosen's procedure the marginal prices, which are estimated in the first stage, are regressed on the quantity of the characteristic using instrumental variables techniques.
After the publication of Rosen's two-stage procedure, it was pointed out that the identification problem associated with hedonic price analysis was more serious than was realized before. The problem is illustrated in Recent analyses have attempted to avoid this problem by stressing that the information provided by the partial derivatives of the hedonic price functions is sufficient to recover the parameters of simple specifications of the utility function. 17 However, this approach is less suitable for investigating the effect of income on the demand for private and public space, and therefore we return to earlier attempts to solve the identification problem through the use of instrumental variables. Many suggestions have been made in the literature, but most of them did not survive subsequent criticism (see, for instance, Palmquist, 2003, and Ekeland et al. 2002) . One of the 16 The identification problem was recognized by Bartik (1987) and Epple (1987) and the debate about its solution continues until the present day. See, for instance, Palmquist (2003) or section 3 of Ekeland, Heckman and Nesheim (2002) for recent discussions and proposed solutions. 17 In particular, Bajari and Benkard (2005) argue that if the utility function for consumer j is specified as: 
. The strength of this approach is that it takes full account of the heterogeneity among consumers. The price to be paid is that with cross section data one can only consider utility functions for which only one parameter of the utility function occurs in the marginal utility of each attribute. This is restrictive: the specified utility function is quasi linear, implying that the demand for each attribute does not depend on the consumer's income, and additive, implying that substitution between attributes is restricted. Because of the probable relationship between demand for open space and income and because we are interested in the extent to which open space can act as a substitute for private space, this approach is not appropriate for the research questions in which we are interested in this paper.
few remaining possibilities is identification by means of observations referring to multiple markets (see, for instance Kahn and Lang, 1988) . The above, somewhat informal, discussion makes clear that the IV approach that uses different geographical markets, assumes that the populations of consumers in the various cities are comparable. In this respect the fact that the three cities to which our empirical work refers are located in a small part of the Netherlands, which is a country with a relatively homogeneous population, is probably an advantage. The assumption of a similar structure of demand in these three cities is perhaps least appropriate for Amsterdam which is more cosmopolitan than the other two cities. In the previous section we noted that the historical development of the three cities -and their housing stock -was substantially different.
The approach just discussed works also when the marginal price of open space depends on other housing characteristics as well. Moreover, more instruments can be found by using interactions of the city dummies and household characteristics, and we can investigate, for instance, the effects of income and family composition on the demand for open space. In our empirical work, reported in the next sections, we will use this approach.
Estimation of the demand functions
The database we used to estimate the hedonic price functions contains no information about buyers of the house. We have therefore combined the results of the estimated hedonic price functions with a different data base, the Housing Needs Survey ( Using this assumption we estimated demand equations for open space and floor area. We pooled the observations for the three cities. The total number of observations is 1671, which is considerably smaller than the number of transactions we used for estimation of the hedonic price functions in either of the three cities. Besides income, we also include other households characteristics like the number of children, number of adults and age of the head of the household. 18 We used the dummy variables Rotterdam and The Hague as instruments. The results with respect to the demand equations are shown in Table 4 .2.
Column (1) and (2) show that both inverse demand functions are downward sloping, and that the slope is statistically significant, as is suggested by economic theory. Income has a significant positive effect on the demand for open space as well as on the demand for floor area.
It shows that parks and public gardens is not an inferior good, and that the demand for open space for both rich citizens as for poor citizens is important. Current attempts to make Dutch cities more attractive to high income households should therefore not neglect the importance of this amenity. The income elasticity of the demand for open space can be computed on the basis of the results presented in Table 4 .2 and is equal to 0.25. The income elasticity for floor area is computed similarly. It is somewhat higher and equals 0.34.
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18 Including these variables helps to avoid the potential problems associated with correlation between income and the unobserved heterogeneity among consumers. For instance, it is well known that households with children on average have a somewhat higher income than those without children. In this paper, we investigate some important welfare aspects of a specific spatial planning Further investigation revealed that the willingness to pay for parks and public gardens increases with income, although not as fast as that for private residential space. 1906-1930, 1931-1944, 1945-1959, 1960-1970, 1971-1980, 1981-1990. Reference are houses that are built after 1990. 0,1 
